Abstract. The potential distribution of the harvestman Geraeocormobius sylvarum Holmberg 1887 (Opiliones, Gonyleptidae, Gonyleptinae) from Argentina, Brazil and Paraguay, is modeled using the presence-only, GIS-based method BIOCLIM. The model was run on 2.5 min resolution climate layers using 19 derived bioclimatic variables. The bioclimatic profile of the species is described, and presumable limiting factors in each part of the range are discussed. Modeled distribution of G. sylvarum shows a remarkable correspondence to the Alto Paraná Atlantic forest ecoregion, with a marginal presence around the Araucaria forests and in gallery/flood forests towards the Southwest. Results support the 650 km yungas-Mesopotamia disjunction, as previously proposed, and reveal that localities in northwestern Argentina have extreme values concerning seasonality parameters with remarkably decreased rainfall in winter. Evidence suggesting that the disjunct pattern may have been derived by antropic introduction is briefly discussed.
Harvestmen (Arachnida, Opiliones) are generally regarded as a well suited taxon for biogeographic studies (Ringuelet 1959; Giribet & Kury 2007) . Two key features make them useful for those purposes: their low vagility and a close dependence on environmental conditions, mainly humidity (Acosta 2002; Pinto-da-Rocha et al. 2005; Machado et al. 2007 ). Distribution of most species is thus dependent on the geographic continuity of suitable environments (Acosta 2002 ). In addition, harvestman endemicity may be particularly remarkable in some areas ). Small-area endemicity is striking in forested ranges like the Brazilian Serra do Mar (Pinto-da-Rocha et al. 2005) , and is also important in the montane forests of northwestern Argentina, the so called ''yungas'' region (Acosta 2002) .
However, small-ranged endemics should not be seen as the rule for harvestman distribution. Under certain conditions, many species are known to spread over thousands of km 2 (Curtis & Machado 2007) as long as the suitable environment is not restricted by any geographic or ecological barrier. For example, while many central European species appear geographically restricted, no less than 30 harvestmen in that region extend over quite large ranges (Martens 1978) . Broad ranged species are also typical for most of the Argentinean Mesopotamia, which is the humid and sub-humid region between the Paraná and Uruguay rivers (Acosta 2002) . Its northernmost portion, roughly matching the administrative province of Misiones, bears subtropical forest physiognomy -actually a part of the ''Paranense Biogeographic Province'' (Cabrera & Willink 1973 ) that covers adjacent areas in Paraguay and Brazil as well. The rest of Mesopotamia is a mosaic of shrubs, swamps, grasslands and gallery forests (Hueck & Seibert 1972; Cabrera & Willink 1973) . In accordance with these differences, the Mesopotamian opiliofauna has been split into two different, though overlapping, sub-areas (Acosta 2002) : the Misiones subarea and the Mesopotamian sensu stricto sub-area. Towards the West, as precipitation decreases, these humid and sub-humid realms give way to the semiarid Chaco, an effective distributional limit for Mesopotamian harvestmen (Acosta 2002 ).
Geraeocormobius sylvarum Holmberg 1887 (Opiliones, Gonyleptidae, Gonyleptinae) is a large and conspicuous harvestman known to inhabit subtropical forests in northeastern Argentina, southern Brazil and southeastern Paraguay (Ringuelet 1959; Kury 2003; Acosta et al. 2007) , being thus characteristic of the Misiones sub-area (Acosta 2002) . Acosta et al. (2007) provided several new records for this species; among them three localities in the province of Tucumán, Argentina, revealing a disjunct presence in montane forests in northwestern Argentina (NWA). These separate populations lie about 650 km away from the westernmost record in the core area, with the sub-xeric Chaco in between. As stressed by Acosta et al. (2007) , most records of G. sylvarum concentrate in the Alto Paraná Atlantic forests ecoregion (referred to as ''Paranense forests'' below) and in some adjacent sectors of the Araucaria moist forest ecoregions (nomenclature after Olson et al. 2001) . Argentinean captures outside the mentioned ecoregions (in provinces of Corrientes and Chaco) seemingly are associated with gallery forests and/or seasonal inundation sites (the Humid Chaco and Southern Cone Mesopotamian savanna ecoregions of Olson et al. (2001) ). In turn, findings of G. sylvarum in NWA correspond to the ''tucumano-boliviano'' forests, or ''yungas'' (Hueck & Seibert 1972; Acosta 2002) , or the Southern Andean Yungas ecoregion (Olson et al. 2001) . The available localities show some spatial bias, since they are concentrated in and around the province of Misiones (a traditionally well sampled area; Ringuelet 1959), while extensive areas in Paraguay are left almost undocumented (cf. Fig. 3) .
Interestingly, two further Mesopotamian harvestmen, Discocyrtus dilatatus Sørensen 1884 and D. prospicuus (Holmberg 1876) (Gonyleptidae, Pachylinae) have Mesopotamia-yungas disjunct ranges as well (Acosta 1995 (Acosta , 2002 . A very basic question remains unanswered, however: Are Chacoan conditions really inhospitable to Mesopotamian species or is our record incomplete, leading us to wrongly assume this region to be hostile for harvestmen? Nothing is known about the climatic tolerances of D. dilatatus, D. prospicuus or G. sylvarum as very little is known about harvestmen physiology and tolerance to physical factors in general (Santos 2007) . It is generally accepted that harvestman distribution is governed by climatic constraints, mainly humidity and temperature, but papers addressing how actual climatic conditions affect a given species are almost lacking (Curtis & Machado 2007; Machado et al. 2007 ).
The occurrence records contain some useful clues. Point records are the very basis for discovering a species range, though the vast majority of Neotropical harvestmen have been scarcely recorded, so that species with more than 15 records are rare (cf. Kury 2003) . In fact, most distributional patterns are then intuitively extrapolated from the few records available, emphasizing the need for gathering more data and filling in the gaps. Alternatively, recent developments aimed to model potential species ranges, using available records and several types of environmental predictors, offer innovative methods to help detect areas where presence of a given species may be expected though still not documented (Guisan & Zimmermann 2000; Guisan & Thuiller 2005; Herná ndez et al. 2006; Peterson 2006) . Using a Geographic Information System (GIS) and appropriate climate information, the envelope approach infers the species' bioclimatic profile, a speciesspecific feature (actually, a subset of the fundamental ecological niche) that gives us a rough insight into their presumed tolerance limits, at least with respect to the variables used to build the model. It is then possible to project this profile onto the geographic space, to identify all areas with similar climatic conditions, i.e., where the species would meet a potentially suitable environment (Guisan & Zimmermann 2000; Hijmans & Graham 2006; Herná ndez et al. 2006; Pearce & Boyce 2006) . This paper is intended to characterize the bioclimatic profile of G. sylvarum and to model its potential distribution using the BIOCLIM algorithm, taking advantage of the number of records now available for this species (close to the minimum sample size for the method to attain an acceptable accuracy; Herná ndez et al. 2006 ). Thereby it is also intended to test if the disjunct Mesopotamian-yungas pattern is supported by the model and to identify areas in which future sampling efforts would be productive in filling in distribution gaps. Results are matched to major biomes and habitat types in order to get a more comprehensive understanding, though still preliminary, of the ecological requirements and potential range of this wide-ranged harvestman.
METHODS
Data acquisition.-All published references for G. sylvarum were taken into account (Holmberg 1887; Ringuelet 1959; Soares & Soares 1985; Kury 2003; Acosta et al. 2007 ). Historical records were inspected for taxonomic reliability (cf. Acosta et al. 2007 for localities excluded), while three localities from the province of Misiones (published by Ringuelet 1959) remained unrecognizable and were set aside: ''Campamento Yacu-Poi, near Puerto Bemberg''; ''60 km Puerto Iguazú '' (which direction?), and ''Pasarela Río Uruguay.'' The full dataset consisted of 48 unique point localities; during the analysis, duplicate records from the same gridcell were removed by the software, resulting in 46 effective records. Localities were identified and geo-referenced using printed road maps and digital gazetteers (mainly NGA GEOnet Names Server [GNS] , United States Board on Geographic Names; Google Earth E), all cross-checked for final accuracy. The label data or collector's information was used to determine location as precisely as possible. Published records typically refer to a locality, which may represent not more than the nearest reference to the actual collecting site; such an imprecision in coordinates (impossible to measure) is deemed not to affect the results considering both the regional scale and coarse approach used.
Climate layers.-The model was run on Worldclim 1.4. (Hijmans et al. 2005a ), a set of global climate layers, containing extrapolated monthly data for the 1950-2000 period on maximum, minimum and mean temperature, and precipitation. The 2.5 min resolution (i.e., approximately 4.5 x 4.5 km gridcell) was selected. Information contained in Worldclim (climate data, together with a digital elevation model) is used by the software to derive the 19 bioclimatic variables available for modeling, listed in Table 1 . The abbreviation ''bc'' followed by a number is used below to identify each of these bioclimatic variables.
Modeling method.-Modeling was performed through the presence-only method BIOCLIM, as implemented in Diva-Gis 5.4 (Hijmans et al. 2005b) . BIOCLIM is a frequency distributionbased algorithm, which calculates the envelope that bounds the bioclimatic preferences of the species (Fischer et al. 2001; Walther et al. 2004; Herná ndez et al. 2006) . Values of each derived bioclimatic variable are extracted from all localities and arranged in a cumulative frequency distribution (cf. Fig. 2 ). The envelope is defined as a multi-dimensional hyperbox (each variable representing a dimension) delimiting, at a given percentile, the climatic conditions in the occurrence localities (Guisan & Zimmermann 2000) . This set of values constitutes the bioclimatic profile of the species (Fischer et al. 2001) , as summarized for the target species in Table 2 . In the potential distribution maps (Figs. 1, 4-5), gridcells are scored as suitable (if within the envelope; i.e., the presence of the species can be expected) or unsuitable (outside the envelope). User-defined percentiles were set to define the extent of the envelope (as cut-off) or to rank the gridcells suitability (Fischer et al. 2001; Hijmans et al. 2005b; Herná ndez et al. 2006) .
Evaluation.-The accuracy of the predictive range generated by the model was assessed by calculating the AUC (area under curve) in a receiver operating characteristic (ROC) plot, and the maximum Kappa (max-k) value, both analyses made in Diva-Gis (Hijmans et al. 2005b) . In this study, 70% of the original points were randomly resampled as training data to perform 20 repetitions of the model. Test data included pseudo-absence points selected at random from the background. ROC/max-k were calculated against the grids stack (0-100 percentile) of the 20 range polygons that were modeled using the training points. AUC values over 0.8 are deemed to reflect a ''good'' model performance; above 0.9 the accuracy is considered ''high'' (Luoto et al. 2005) . In turn, max-k over 0.4 are deemed to be ''good'' and ''excellent'' if above 0.75 (Randin et al. 2006 ).
Input variants.-A separate run was performed with records from NWA removed to verify if the species is still predicted in that area. To identify the factors limiting the distribution, the model (full dataset) was alternatively run for each variable separately and combining some of them so as to visually inspect the effects on the resulting predicted range.
RESULTS
Bioclimatic profile.- Table 1 summarizes values relevant to the bioclimatic tolerance range of G. sylvarum. Separate profiles with and without the Tucumá n localities are given from which it is clear that, for some variables, conditions in the yungas suggest differences from the core area (cf. Table 2 also). Sites from Tucumá n represent both the westernmost records and the highest elevation. In those localities precipitation (bc12) is the lowest (Fig. 2B) , with rainfall decreasing substantially during the winter (Fig. 2D ). There, seasonality is higher than in sites of the core area (Figs. 2A, C); in particular, precipitation seasonality (bc15) is strongly skewed to low values, with both Tucumá n records clearly separated by a decided gap from the rest (Fig. 2C ). When these localities of NWA are set aside, Rio Tragadero and 10 km Puerto Antequera (close to each other) become the species' westernmost edge and come to hold many of the bioclimatic extremes related to seasonality and winter decrease of precipitation (Table 2 and Fig. 3 ). However, geographically extreme localities did not necessarily hold the highest or lowest bioclimatic values in all cases (Table 2 ). Other localities with many bioclimatic variables showing extreme values are Clevelâ ndia (Santa Catarina, Brazil) and Asunció n (Paraguay). Clevelâ ndia has nine end values indicating, in general, a cooler and more humid climate than the rest; in turn, Asunció n stands as the warmest site of the species range, with highest values for six variables, all temperature-related. With respect to the resulting envelope, a permissive percentile cut-off of 0.005 allowed 33 out of 46 observations (71.7%) to be included within all possible 171 bidimensional envelopes (the remaining 13 observations being outsiders in at least one bidimensional envelope). With the default percentile of 0.025, localities within the species envelope are reduced to 21 out of 46 observations (45.7%).
Potential range.-The predicted range of G. sylvarum under the model parameters is displayed in Fig. 1 . To a great extent, the predicted core area of G. sylvarum roughly matches the Paranense forests ecoregion (Fig. 3) . In eastern Paraguay, where records are almost lacking, the prediction partially redraws the boundaries of this ecoregion with the contiguous Humid Chaco (Fig. 3) . On the Brazilian side, the predicted range seemingly enters the Araucaria forests only marginally, i.e., in areas surrounded by complex eastward Paranense projections that follow large rivers. A large portion of the Araucaria ecoregion is scored as unsuitable; moreover, it is to be noted that Clevelâ ndia, one of the localities with many bioclimatic extreme values (Table 2) , is placed near this presumable distributional limit (Fig. 3) . In Brazil the modeled range reaches up to the southern states of Mato Grosso do Sul and Sã o Paulo in the North (though with no records so far), and weakly up to the western slopes of the Serra do Mar in the East (Fig. 1) . Geraeocormobius sylvarum was not hitherto collected in the eastern slopes of the Serra do Mar; probably replaced there by its congener Geraeocormobius rohri (MelloLeitã o 1933) (A.B. Kury, pers. comm.) . On the other side, occurrences of G. sylvarum in the northern province of Corrientes and eastern Chaco give support to the potential areas southwest of the paranense forests. Subtropical vegetation partially extends into northern Corrientes, as well as along flood and gallery forests along the Paraná and Paraguay rivers (Hueck & Seibert 1972) , and this seems to provide suitable conditions for G. sylvarum some hundreds of kilometers away from the main range.
With the full dataset, the bioclimatic model predicts the presence of G. sylvarum in the yungas but not across the subxeric Chaco (Fig. 1) ; thus, the presumed disjunction is supported. However, the probability assigned by the model for its occurrence in Tucumá n is very low. Even in a 0-100 percentile envelope, suitable gridcells are few (just four), and if ranked, they fit in the lowest percentile levels (Fig. 4A) . With a 0.025 cut-off, no suitable gridcell remains in NWA. As expected by these results, modeling with Tucumá n records removed did not predict the species there either. Otherwise, modeling the range without these NWA records had minimal effects in the core area: just a small clipping occurs, reducing the range on marginal sides, like the Corrientes-Chaco portions, and its northernmost extension in Brazil.
Limiting factors.-Models of G. sylvarum run separately, with either temperature (bc1-11) or precipitation (bc12-19) variables, uncover the relative contribution of these variables to the predicted range shape. Prediction based on temperature variables bc1-bc11 (Figs. 4B, 5A ) more closely recovers the model obtained by all 19 variables together, with a slight ''permissiveness'' in the southernmost border (province of Corrientes) and especially in NWA (patchy suitable areas appear along the yungas in Tucumá n, Jujuy, Salta, and southern Bolivia). Precipitation variables bc12-bc19 (Figs. 4C , 5B) clip most of these areas away from the model, but, in turn, extend suitable conditions considerably eastwards and northwards. In fact, many precipitation variables (when run alone) predict G. sylvarum in the yungas, but almost all prevent it entering the Chaco, some being more rigorous (bc15, bc16, bc18), others more ''permissive' ' (bc12, bc14, bc17, bc19) ; only bc13 enables a somewhat continuous range. In contrast, only a few temperature variables (bc5 and bc8) contribute to the Chaco gap. Temperature variables are more related to range restrictions in the North and the East. The northernmost boundaries in Brazil, where the range meets the Cerrado and is limited by high temperatures, are fairly well shaped by bc1, bc4, bc6, bc9, and bc11. As noted above, the modeled range ) seems to circumvent the Araucaria forest, entering this ecoregion only marginally (Fig. 3) . Several temperature variables (bc1, bc5, bc6, bc8, bc9, bc10, bc11 ) leave a defined gap there. The unsuitability appears to be related to the high elevation, which in turn causes the seemingly unsuitable cold climate: Clevelâ ndia, elev. 890 m, is the highest record of G. sylvarum in Brazil and bears several extreme cold climate values (Table 2 ), but many negative sites in the Araucaria area are above 1100 m. with performances of BIOCLIM obtained by Hernández et al. (2006) for similar sample sizes, and with comparative evaluations made by Sangermano & Eastman (2007) .
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DISCUSSION
As stressed by Peterson (2006) , for the vast majority of species nothing more is known than a few ''dots on maps'' -and certainly, this applies for most Neotropical harvestmen, too. Ecological niche (or habitat suitability) modeling offers a first step towards inferring the basic ecological dimensions that are relevant to limit the species' distribution. While previous knowledge just imprecisely related G. sylvarum to Paranense forests (and thereby assumed it was dependent on humid conditions), the bioclimatic analysis provided, for the first time, defined values to describe and discuss the species profile. The envelope method proved to be well suited as an initial approach when species records and biological knowledge are still scarce (Pearce & Boyce 2006) . Results were convincing when matching the predicted range polygon to the Paranense forests ecoregion (Fig. 3) , a biogeographical area that was previously associated with G. sylvarum based on a ''non analytical, expert-based'' assessment . The model accuracy as measured by AUC and max-k was acceptable as well.
One of the main issues tackled in this paper, the Mesopotamia-yungas disjunction, received support from this model; but at the same time, some new questions arose concerning the presence of G. sylvarum in NWA. Despite the availability of presence records, the species is only weakly predicted there. This contrasts with other Mesopotamian harvestmen (D. dilatatus and D. prospicuus among them) that, in preliminary models, were predicted in the yungas, with or without positive records in NWA (Acosta 2007) . Both D. dilatatus and D. prospicuus belong to the Mesopotamian sensu stricto sub-area (Acosta 2002) , so their climatic requirements are not expected to be as humidity-dependent as for G. sylvarum. Since BIOCLIM is deemed to over-predict a species' range (Peterson 2001) , these facts, together with the profile values for some variables, suggest an important disparity of the bioclimatic conditions of NW and NE Argentina concerning preferences of G. sylvarum. However, one should not lose sight of the importance of the resolution of the climatic data. In general the resolution used (2.5 min) is acceptable at a regional scale, but its coarseness may not adequately reflect small-distance variations in montane areas, like in Tucumá n (records range from 500 to 1250 m elevation within a distance of less than 3 km; i.e., less than the gridcell size).
As for the causes of the disjunction, a satisfactory explanation remains an open question. Acosta (1995 Acosta ( , 2002 suggested that the disjunct ranges of the two Discocyrtus species may be a consequence of paleoclimatic cycles, with associated expansion/retraction events affecting the humid forests. A hypothetical vegetational ''bridge'' (as proposed by Nores 1992 for birds) would have acted as a corridor, enabling Mesopotamian harvestmen to expand their ranges up to the yungas, to leave isolated populations there as climate turned rigorous and the forests retracted. In the case of G. sylvarum, however, several elements may render this explanation less likely. Records in the yungas are actually few, indicating a quite limited distribution, and the bioclimatic model accordingly predicts this species only weakly for the region. The yungas is one of the best sampled areas in Argentina for harvestmen (Acosta 2002) , so it seems unlikely to find G. sylvarum elsewhere in NWA. People from the species' core range are in general aware of G. sylvarum, probably because of its large size, abundance and strong odor. These conspicuous and smelly harvestmen are also locally well known in El Corte, although people that have lived there for the last 30 years suggest that the species ''appeared'' only in recent years (A. M. Frías, pers. comm.). These observations, together with the apparent tolerance of G. sylvarum to disturbed areas , may suggest that transportation by humans in historic times might best account for the presence of this Mesopotamian harvestman in Tucumán.
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